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The  aging  process  increases  the  HDAC  activity  in  rat  hippocampus.
The  circadian  rhythm  inﬂuences  the  HDAC  activity  in  brain  areas.
The  aging-related  dysfunction  may  be associated  to HDAC  activity  modulation.
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a  b  s  t  r  a  c  t
It has  been  described  that histone  acetylation  levels  are  decreased  in  several  cellular  and  in  vivo neurode-
generation  models  as  well  as  in  normal  brain  aging,  although  the  impact  of the  aging  process  on  histone
deacetylases  (HDAC)  activity  yet  remains  poorly  understood.  Therefore,  our  aim  was to evaluate  the






old  Wistar  rats.  The  animals  were  decapitated  at different  times  of  day,  in the  early  morning  and  in
afternoon.  HDAC  activity  was  increased  in hippocampus  from  the  aged  group.  Besides,  the  hippocampal
HDAC  activity  was  also  signiﬁcantly  increased  in  early  morning.  A signiﬁcant  interaction  between  age
and  time  of  the  day  was  observed  in  frontal  cortices,  given  that the  HDAC  activity  was  higher  in early
morning  in the  aged  group.  These  data  support  the hypothesis  that the  aging-related  dysfunction  may
be  related,  at least  in part, to  acetylation  imbalance  through  HDAC  activity  in  rat brain.. Introduction
Aging is a complex biological process characterized by a grad-
al decline of cognitive functions and several changes on synaptic
unctions in the brain [1,2]. Interestingly, aging-related memory
eclines have been linked to lower histone acetylation levels in
versive and spatial memory and LTP paradigms [2–5]. It was
emonstrated that hippocampi from aged rats have lower H4 acety-
ation levels and a positive correlation between this parameter
nd aversive memory performance [6]. Indeed, decreased histone
cetylation levels were observed in several cellular and in vivo neu-
odegeneration models [1].
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Histone acetyltransferases (HAT) are responsible for the addi-
tion of acetyl groups to the lysine residues from amino-terminal
tails of histones; conversely, histone deacetylases (HDAC) remove
these acetyl groups [7]. Recent evidences describing a role of
HDAC inhibitors administration on improving aging-related mem-
ory decline in rodents can support the relevance of this dynamic
process [4,8].
Several works have indicated that epigenetic mechanisms may
be related to circadian rhythm [9]. A clear temporal proﬁle in HDAC
activity was observed, since it was signiﬁcantly increased in the
early morning when compared to the afternoon in hippocampus
from young adult Wistar rats [10]. In agreement, HDAC inhibitors
effects can depend on test times/time of day of administration [11].
Therefore, the temporal pattern of HDAC activity in aging process
remains an open question.
Taken that, studies reporting the impact of the aging process on
HDAC activity and its temporal proﬁle in rat brain are rare, our aim
was to investigate the effect of the aging process on HDAC activity
in the hippocampi and frontal cortices from Wistar rats in different
time points.








































Fig. 1. Effect of the aging process on global HDAC activity in hippocampus from













































































Fig. 2. Effect of the aging process on global HDAC activity in frontal cortex fromroup). Two-way ANOVA followed by Tukey’s test; *signiﬁcantly different from the
espective young groups; #signiﬁcantly different from early morning.
. Materials and methods
Male Wistar rats of different ages, 3 and 18-months-old were
sed. The animals were maintained under standard conditions (12-
 light/dark, 22 ± 2 ◦C) with food and water ad libitum and housed
ve per cage. The NIH “Guide for the Care and Use of Laboratory
nimals” (NIH publication No. 80-23, revised 1996) was followed
n all experiments. The Local Ethics Committee (CEUA de Ética em
esquisa – UFRGS) approved all handling and experimental condi-
ions (nr. 22062). Rats were killed at different time of day, in early
orning and afternoon. The hippocampi and frontal cortices were
uickly dissected out and immediately snap-frozen in liquid nitro-
en, then stored at −80 ◦C until the determination of HDAC enzyme
ctivity.
The samples were homogenized in 1:3 volumes of ice-cold lysis
uffer (250 mM sucrose; 20 mM Tris–HCl; pH 7.4; 1 mM ethylene-
iamine tetraacetic acid; 1 mM ethylene glycol tetraacetic acid;
0 mM potassium chloride; 1 mM dithiothreitol; 0.1 mM phenyl-
ethylsulfonyl ﬂuoride; 0.001 mM okadaic acid). The lysates were
ubjected to centrifugation (16,000 × g for 5 min  at 4 ◦C) in a micro-
entrifuge tube and the supernatant was removed for analysis.
he protein concentration of each sample was  measured by the
oomassie Blue method using bovine serum albumin as standard
12].
The effects of the aging process on global HDAC enzyme activity
ere determined using an HDAC Assay Kit (Fluorometric Detec-
ion catalog #17-372, Upstate Biotechnology, Temecula, CA, USA)
ccording to the manufacturer’s instructions. Brieﬂy, the samples
ere incubated with the HDAC assay substrate at 30 ◦C for 45 min
efore addition of the activator solution. The mixtures were incu-
ated for an additional 10 min  at room temperature, and HDAC
nzyme activity was measured on a microplate reader (excita-
ion = 360 nm,  emission = 450 nm)  and expressed as pmoles HDAC
er mg  protein. The results were analyzed by two-way analysis of
ariance (ANOVA) with age and time of day as factors, followed by
ost hoc Tukey’s multiple range tests when appropriate. In all tests,
 < 0.05 was considered to indicate statistical signiﬁcance.
. Results
Two-way ANOVA showed the signiﬁcant effect of both factors,
ge and time of day, on HDAC activity in rat hippocampus (Fig. 1;
(1,36) = 6.255, p = 0.018; F(1,36) = 5.692; p = 0.023; respectively). The
ippocampi from aged rats showed higher HDAC activity com-
ared to the young group. Besides, hippocampal HDAC activityWistar rats. Results are expressed as mean ± standard error (n = 9–11 animals per
group). Two-way ANOVA followed by Tukey’s test; *signiﬁcantly different from the
other groups.
was increased in the early morning when compared to the results
obtained in the afternoon, indicating a clear temporal pattern.
It was observed a signiﬁcant interaction between both factors,
age and time of day, in frontal cortices, since HDAC activity was
higher in the aged group in the early morning compared to the
other groups (F(1,36) = 8.383; p = 0.007; Fig. 2).
4. Discussion
In the current study, we  provide the ﬁrst evidence for aging-
induced HDAC activity changes in brain areas from rats. Although
previous studies demonstrate a reduction on acetylation levels
in aged rodents [4,5], little attention has been paid to the HDAC
activity during brain aging. To our knowledge, this is the ﬁrst
report demonstrating age-related changes on cerebral HDAC activ-
ity. Interestingly, it was described that H4 acetylation levels in
hippocampi from aged rats were correlated with aversive memory
performance [5]. These ﬁndings support the idea that epigenetic
mechanisms, speciﬁcally related to the modulation of acetylation
status, can be involved in memory impairment associated with
normal aging.
In this context, a role of HDAC inhibitors administration on
improving aging-related memory decline has been demonstrated
[4,8]. Pharmacological inhibitors such as sodium valproate, sodium
butirate, trichostatin and suberoylanilide hydroxamic acid are
alternatives which have demonstrated to improve the cognitive
functions and the maintenance and regulation of neuronal plas-
ticity [13]. Additionally, HDAC inhibitors have neuroprotective
activity in ischemia model [14].
Our ﬁndings can be related to those obtained in other studies
that showed a reduction in gene expression in rat brain induced
by aging process, since histone deacetylation is typically asso-
ciated with transcriptional repression [7,15]. Consistently, it has
been demonstrated that brain-derived neurotrophic factor (BDNF)
expression, which contributes to the memory formation and is
involved in neurogenesis and neuronal survival, can be modulated
by histone acetylation and seems to be reduced in the aged hip-
pocampus [2].
It is interesting to note that HDAC are found in corepressor
complexes, such as the nucleosome remodeling and deacetylating
(NuRD) complex, which contains the methyl-CpG-binding domain-
containing proteins that recognize methylated DNA [16]. Recently
we described that aged hippocampus has diminished DNMT1














































[54 G. dos Santos Sant’ Anna et al. / Ne
ysregulation of epigenetic control mechanisms and aberrant epi-
enetic parameters are related to aging-related dysfunction.
Another remarkable point for discussion is that the HDAC activ-
ty was modulated by the circadian rhythm, given that it was
howed here that the hippocampal HDAC activity is increased in
arly morning. This result corroborates those obtained by Elsner
nd colleagues [10], demonstrating the inﬂuence of the time of
he day on HDAC acitivity in hippocampi from young adult Wistar
ats. Indeed, an interaction between age and time of the day was
bserved in frontal cortices, since HDAC activity was higher in
he aged rats in the early morning compared to the other groups.
aken together, these data suggest that the impairment of circa-
ian rhythmicity in the aging process can be related at least in
art to HDAC activity, which might induce changes in clock gene
xpression through a histone hypoacetylation condition. Consider-
ng that the circadian rhythm may  be relevant to the potency and
oxicity of drugs [11], we might speculate that the effects of HDAC
nhibitors administration may  depend on test times/time of day of
dministration. Our results could suggest that the most appropri-
te time of day for administration of these drugs in rodent models
s early morning. Furthermore, it is important to note that a dis-
uption of circadian rest/activity rhythmicity has been described in
ormal aging and Alzheimer Disease [18] and seems to contribute
o cognitive impairments [19].
. Conclusions
The present study is the ﬁrst evidence reporting that healthy
ged Wistar rats showed higher HDAC activity in brain areas. These
ata support the hypothesis that aging-related dysfunction may  be
ssociated, at least in part, to acetylation levels through modulation
f HDAC activity. Further studies are needed to clarify the details
f the mechanisms by which HDAC activities are altered in aging
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